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Conclusion
Finally, let me take stock of our position. We have got to the stage of attaching symptoms to an organ, and we believe that it is inflammation of the organ that causes them. This union is due to the surgeons, but before the physician can make proper use of it he must know how often these symptoms do in fact mean what we think. We need a wide endoscopic survey of cases of chest pain and heartburn in the way that Chevalier Jackson foreshadowed. We have also got to the stage of discussing the pathological mechanisms that cause this change. Our views are mostly based on the investigation and treatment of advanced cases, and we may hope that further experience will give us clearer knowledge of what goes wrong in the early ones. In a memorandum on the signs, symptoms, and treatment of cases of poisoning resulting from the absorption of the organo-phosphorus insecticides, the British Medical Association in 1951 drew attention to the value of a knowledge of the level of blood cholinesterase in making the diagnosis and following the recovery from the effects of poisoning. Following the work of Callaway, Davies, and Rutland (1951) on the levels of cholinesterase in a normal population, Barnes and Davies (1951) , using these results, have shown that lowering of the blood cholinesterase levels could be detected in workers exposed to these insecticides wfto showed no clinical symptoms. The estimation of the blood cholinesterase is not a standard procedure in clinical pathology, and it' is the purpose of this paper to summarize the available methods for making those determinations and to describe in detail a method suitable for adoption in a general clinical laboratory.
DETERMINATION OF CHOLINESTERASE
Although " parathion " and " schradan " are poor inhibitors of cholinesterase in vitro, they both owe their poisonous properties to the fact that after absorption in the animal body they are converted into active inhibitors of this enzyme (DuBois et al., 1950 ; Gardiner and Kilby, 1950; Aldridge and Barnes, 1952) , and the symptoms of poisoning so produced seem to follow from the inhibition of cholinesterase. There is evidence that the blood cholinesterase is lowered before that in the tissues (Hobbiger, 1951) , and it is the loss of the cholinesterase at nerve endings and in the central nervous system that is responsible for the symptoms of poisoning.
Determination of cholinesterase levels in blood can be of value because: (1) The earl,y symptoms of anti-cholinesterase poisoning are almost wholly local in character and are not necessarily indicative of systemic absorption. Systemic absorption is much more insidious, and the only convenient measure of such a process is the level of cholinesterase in the blood (Davies et al., 1951, unpublished results) . (2) A fall in the cell or plasma cholinesterase level may well be the first indication of absorption of these substances (Barnes and . (3) After poisoning, the blood enzymes will remain at a very low level until the regeneration of new enzyme, and this is very slow. The red-cell enzyme reappears at approximately 1% a day, although the plasma enzyme reappears more quickly (Grob et al., 1947) . During this period, when the blood enzymes are low, an individual i § hypersensitive to subsequent doses of anti-cholinesterase (Callaway et al., 1951) . (4) Many of the symptoms of poisoning by anti-cholinesterase agents are commonplace in character-headache, tightness of chest, nausea, internal discomfort, etc. Hence the determination of cholinesterase blood levels may well be of much valud in the differential diagnosis in cases of mild poisoning.
Determination of the Cholinesterases in the Blood
The cholinesterase in human erythrocytes differs from that present in the plasma. These two enzymes possess quite different properties; a knowledge of the properties is desirable in order to understand fully the problem of their assay. This aspect has been well reviewed by Whittaker (1951) .
In view of the lack of sensitive or specific methods for the determination of the acetic acid or choline produced during the hydrolysis of acetylcholine by the cholinesterases, most methods have been based on the unspecific measurement of an acid produced.
Warburg Manometric Technique.-This technique, developed by Ammon (1933) , is based on the measurement of carbon dioxide liberated from a bicarbonate buffer by the acetic acid liberated by hydrolysis of acetylcholine. Details of this method are available in several recent publications (Adams and Whittaker, 1949; Aldridge, 1950; Callaway et al., 1951) . Although it is a most elegant and accurate method it is more suited to research work than the routine determination of large numbers of specimens. The apparatus is expensive and the technique rather specialized.
Continuous Titration Method (Stedman et al., 1932 ).-In this method the acetic acid formed is continuously neutralized by the addition of alkali. The pH of the reaction system is thus maintained constant. Although the apparatus required is found in most laboratories (pH meter, microburette, constant-temperature bath) and the procedure is simple, only one determination may be carried out at a time, and the procedure is very tedious. It is not recommended for routine estimations.
Colorimetric Method of Hestrin (Wilson and Bergmann, 1950; Diggle and Gage, 1951 For whole-blood analyses enough blood may be obtained from finger-tip or ear-lobe punctures. However, for a determination on erythrocytes or plasma a venepuncture is required to obtain the necessary 5 ml. Details of the precautions necessary to obtain samples free from any of the defects mentioned above are given by Harrison (1943) .
For the separation of erythrocytes and plasma the following standard procedure is recommended: Centrifuge approximately 5 ml. of oxalated blood at 2,000 r.p.m. for 15 minutes (800 g). Separate plasma and wash cells twice with saline, finally centrifuging for 20 minutes at 800 g. Remove supernatant, thus leaving a preparation of washed cells which have been packed under standardized conditions.
Procedure for Enzyme Estmation
As mentioned above, the method is precisely the same for whole blood, sells, and plasma. The only differences are to be found in the composition of the buffer solution and the concentration of the acetylcholine solution. The following procedure is for either whole blood or plasma; the necessary modifications for cells are included in parentheses: (1) Service personnel between the ages of 18 and 30 (Davies et al., 1951, unpublished results (Callaway et al., 1951) , these values are probably too high by about 5 to 7%, and accordingly a sounder estimate of the lower limit may be taken as 80.
No observations have been made upon the "personal" variation of the ChE No. The relevant data of Callaway et al. (1951) may, however, be used to provide an estimate of what must be the difference between two determinations in the same person of the ceU (or plasma) enzyme which will indicate departure from normal limits. The differences referred to above for the red-cell and plasma enzyme respectively are 15 and 20% of the higher of the two values. Thus even if the plasma figures were applied to the ChE No.
-that is, even if the wider limits were applicable-there still remains a substantial margin between the recognition of abnormal deviation and the onset of those symptoms which indicate the development of lethal processes. The ChE No. must certainly be decreased to below 40% of its initial value before any definite clinical symptoms due to systemic absorption occur (Davies, 1951, unpublished 
results).
Normal limits for the whole-blood, red-cell, and plasma enzyme are summarized in the Summary The suitability or otherwise of the various common methods for the routine estimation of cholinesterase is described.
It is suggested that the "' cholinesterase number" (ChE No.) should-be determined as a routine screening test, using the Michel electrometric method for the purpose, and that any departures from normality should be investigated in a more orthodox manner by determinations of red-cell and plasma cholinesterase, also using the electrometric method.
Details of tecbniques for obtaining blood samples and a description of the reagents, apparatus, and methods of performing the enzyme analysis are given.
The problem of normal values of the ChE No., together with the population and personal variation of both enzymes, is discussed. Values of normal limits are included.
In only two pathological conditions-liver disease and malnutrition-is there firm evidence that the level of serum or plasma cholinesterase is lowered. There is no clear-cut evidence that the level of the red-cell enzyme is seriously influenced by disease.
